Interestingly, although we have previously reported a total of four variants of F. necrophorum from sheep, goats, cattle and pigs, there was no evidence for the presence of Fnf in these animal species (Zhou et al., 2009a (Zhou et al., , 2010 , while in the paper by Ludlam et al. (2009) Fnf appears to be common in animals, and even dominant over Fnn in some animal species such as cattle and sheep.
The issue of substantive variation in lktA genes preventing PCR techniques from being utilized to detect fusobacteria has been noted by other authors (Tadepalli et al., 2008) . They reported that Fusobacterium equinum (a bacterium phenotypically similar to F. necrophorum) produces a leukotoxin of equivalent size and potency to that of F. necrophorum, and that it is encoded by an lktA gene (shown to be present using probes and Southern hybridization), but that no amplicons were produced from the nominal lktA gene of F. equinum using PCR, probably because of sequence differences between the ltkA genes of F. equinum and the two F. necrophorum subspecies. A portion of the lktA gene of F. equinum was only recently sequenced (Zhou et al., 2009b) and this confirmed that the gene was substantively different at the DNA sequence level from both Fnn and Fnf.
While we agree with the conclusion drawn by Ludlam et al. (2009) that vaccines against the lktA gene of Fnn may be unsuitable to be used against all strains, we do not agree with their reasoning and the assumptions that their conclusions are based on. Rather than lktA vaccines being likely to fail due to lktA not being universally present in all F. necrophorum strains, we consider it a possibility that vaccines could fail due to genetic differences observed in the lktA genes found in the various F. necrophorum strains or other F. necrophorum-like bacteria. Authors' reply to 'Undetected lktA genes within Fusobacterium necrophorum?': presence or absence of an amplicon -the cornerstone of molecular diagnostics Bennett et al. (2010) raise some interesting points and present some intriguing sequence data for the leukotoxin gene (lktA) of Fusobacterium necrophorum, drawn from work recently published by them, indicating three novel variants in the lktA gene (Zhou et al., 2009a) . Bennett et al. (2010) speculate from these data that the conclusions drawn in our previous communication (Ludlam et al., 2009) , in which we reported our failure to detect the gene employing PCR in a significant proportion of the two subspecies of F. necrophorum (subspecies necrophorum and funduliforme) recovered from infections in humans and animals (Ludlam et al., 2009) , may be unsound.
Whilst we accept that a limitation of PCRbased diagnostics can be the failure to detect a novel variant of a pathogen, we cannot accept the assertion of Bennett et al. (2010) that the only conclusion that should ever be drawn from negative diagnostic PCR results is simply non-amplification of the sequence in question, rather than absence of the gene, or host organism. Following rigorous commercial and in-house test development and validation of PCR-based diagnostics of the sort we reported, diagnosis and management of infectious diseases is now routinely based on both positive and negative PCR results. Indeed, we note that the authors themselves ruled out the presence of F. necrophorum subspecies funduliforme in material from the lesions of the animal hooves that they examined on precisely this basis; i.e. a negative PCR result for lktA (Zhou et al., 2009a) . We were aware of the possible existence of sequence variation and went to great lengths to ensure that putative variants of the sort described by Zhou et al. (2009a) would not pass undetected. Whilst Bennett et al. (2010) focus on the LT2 primer set and TaqMan probe that emphasize their novel sequence data, they do not mention the other two primer sets (LT1 and LT3) that we employed, which targeted entirely different regions of the three published entire lktA gene sequences (F. necrophorum subspecies necrophorum, AF312861 and DQ672338; F. necrophorum subspecies funduliforme, AY972049). Our LT1 primer set is perfectly matched for all three known entire lktA gene sequences, while the LT3 forward primer contained just a single mismatch with F. necrophorum subspecies funduliforme AY972049 at the 59 end of the primer and the LT3 reverse primer was perfectly matched for all three. All three primers sets amplified the lktA gene from the two Journal of Medical Microbiology 59 Zhou et al. (2009a) employed a similar strategy to ours in the study cited by Bennett et al. (2010) , designing primers from an alignment of the available sequences, albeit with only one primer pair, and were extremely successful in amplifying novel lktA sequences from the abundance of organisms that evidently exist in the DNA extracted from swabs of infected hooves. Furthermore, this represents a critical difference in source material between our two studies, by contrast with the study of Zhou et al. (2009a) , our PCR analysis employed purified chromosomal DNA from well characterized and subspeciated F. necrophorum isolates, derived from infected humans and animals. As a consequence, the input DNA into the reaction tubes of each of the three sensitive real-time PCR assays in our study was high and represents at least a million genome equivalents, providing significant plasticity for successful amplification of sequence variants, should they be present. In the case of the LT2 TaqMan (two-step) assay our extension/ annealing temperature was dropped to 55 u C facilitating amplification of variants should mismatches in the primer/probe sites occur. Moreover, we opted for SYBR green in the other two real-time assays to ensure amplification would be visualized (avoiding a possible probe mismatch), and the reactions from the LT2 TaqMan assays were all run out in agarose gels afterwards to check whether any amplification had occurred. We agree with Bennett et al. (2010) that amplification of the lktA-like sequences B, C and D described by Zhou et al. (2009a) would be compromised with our LT2 assay due to the three mismatches in the reverse primer, and therefore could be missed, but it would be premature to make the same conclusion for our other primer sets. Our results were consistent across the range of assays used and we therefore consider that all these interventions and results fully justified our assertion that the lktA gene was absent in more than half of the isolates examined. Furthermore, our sequence analysis of the 10 lktA amplicons for the LT2 primer pair derived from both subspecies from bovine, ovine, giraffe and humans displayed a remarkable level of conservation in the region analysed, just 1 nucleotide difference separating any one of the sequences from AF312861, a C-T change that distinguishes F. necrophorum subspecies funduliforme from subspecies necrophorum, and, interestingly, a single C-T change found in variants B, C and D (nucleotide position 175 of FJ230830) in the ovine derived amplicon. This level of nucleotide conservation does not support the suggestion made by Bennett et al. (2010) that our results may be unreliable due to a significant host-dependent genetic variation in the lktA gene in F. necrophorum
We note that the origin of the lktA-like sequences reported by Zhou et al. (2009a) is uncertain, as they were amplified directly from genomic DNA extracted from lesion material of footrot-infected animal hooves.
They are accordingly documented in the GenBank database simply as uncultured Fusobacterium species. The fundamental assumption of Bennett et al. (2010) , that they are derived from F. necrophorum on the basis of their sequence similarity to the lktA gene may therefore prove unfounded. All three novel sequences are certainly homologous to a sequence in the F. necrophorum lktA gene, but the genetic differences at the DNA level (Table 1) and the protein level are noteworthy, and suggest they may well stem from a novel Fusobacterium species or F. necrophorum subspecies. Zhou et al. (2009a) noted the genetic distances from the published lktA sequences and also concluded that they may represent different species of Fusobacterium, rather than different strains of F. necrophorum.
The lktA PCR assay developed by Zhou et al. (2009a) is a remarkably robust and useful test, detecting not only the previously recognized lktA sequences but also three novel variants, and complements the assay for the novel lktA gene of Fusobacterium equinum (Zhou et al., 2009b) . However, their findings, and ours, on the distribution and variability of the gene demonstrate the inadvisability of employing it as a diagnostic target for the detection of F. necrophorum. An assay based on an alternate housekeeping gene or sequence unique to this organism and uniformly present in isolates of both subspecies is preferable, and we have previously reported on the reliability and clinical utility of employing the rpoB gene of F. necrophorum in a PCR-based assay in this role (Aliyu et al., 2004 (Aliyu et al., , 2005 
